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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1] The clock regenerative apparatus which reproduces the clock signal from 
the lightwave signal data stream which is equipped with the following and 
characterized by being the composition which takes out the beat signal of the laser 
beam outputted from the two aforementioned sets of laser light sources as the 
aforementioned clock signal. Two sets of the laser light sources which oscillate by 
mutually different single frequency and can carry out adjustable [ of the oscillation 
frequency of at least one set ] with external control It multiplexs and a phase 
mutually the laser beam outputted from the two aforementioned sets of laser light 
sources A **** spectral separation means to output the beat signal which is two 
[ different, 180 degrees ]. Two sets of optical phase contrast detection meanses to 
detect the phase contrast of each aforementioned beat signal and the 
aforementioned lightwave signal data stream Control means which control the 
oscillation frequency of an aforementioned oscillation frequency adjustable laser 
light source based on the phase contrast detecting signal outputted from each 
aforementioned optical phase contrast detection means. 

[Claim 2] the difference which changes into an electrical signal the difference of 
the phase contrast detecting signal outputted from two sets of optical phase 
contrast detection meanses in a clock regenerative apparatus according to claim 1 
— the clock regenerative apparatus which is equipped with a detection means and 
characterized by control means being composition which controls the oscillation 
frequency of an oscillation frequency adjustable laser light source by the 
aforementioned electrical signal 

[Claim 3] It is the clock regenerative apparatus characterized by having the 
semiconductor light amplifier which an optical phase contrast detection means 
inputs a beat signal and a lightwave signal data stream in a clock regenerative 
apparatus according to claim 1 , and performs the phase comparison using gain 
saturation characteristics, and the light filter which penetrates only the wavelength 
of a lightwave signal data stream from the output of a semiconductor light 
amplifier. 

[Claim 4] It is the clock regenerative apparatus characterized by having the light 
filter which penetrates only 4 light-wave mixture light outputted from the optical 
nonlinear medium made to generate 4 light-wave mixture light of another 
wavelength which the optical phase contrast detection means inputted the beat 
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signal and the lightwave signal data stream in the clock regenerative apparatus 
according to claim 1, and is proportional to the on-the-strength product, and an 
, optical nonlinear medium. 



[Translation done.] 
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* fsKDTICES * 

Japan Pat nt Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the clock regenerative apparatus 
which reproduces the clock signal from a lightwave signal data stream in a high- 
speed optical transmission system. 
[0002] 

[Description of the Prior Art] drawing 4 shows the example of composition of the 
conventional clock regenerative apparatus (bibliography — ) S. Kawanishi, 
M.Saruwatari, and "New-type phase-locked loop using traveling-wave laser 
diodeamplifier for very high speed optical transmission" Electron. Lett., vol.24, 
pp.1 452-1 453, and 1988. 

[0003] In drawing, semiconductor laser 41, the optical coupler 42, the 
semiconductor light amplifier 43, and a photodiode 44 are connected through an 
optical fiber 45. The output of a photodiode 44 is compared with the output of 
fixed-frequency VCO 47 by the phase comparator 46, and the error signal is 
inputted into armature-voltage control type variable frequency VCO (henceforth 
"VCO") 48. It is mixed with the output of fixed-frequency VCO 47 with a mixer 49, 
and the output of VC048 controls the oscillation frequency of semiconductor laser 
41. 

[0004] Semiconductor laser 41 generates the optical clock signal by which 
intensity modulation was periodically carried out on the oscillation frequency (clock 
frequency) omega of VC048, and the frequency adding oscillation frequency 
deltaomega (delta omega<omega) of fixed-frequency VCO 47. It is multiplexed with 
a lightwave signal data stream with the optical coupler 42, and this optical clock 
signal is inputted into the semiconductor light amplifier 43. The semiconductor light 
amplifier 43 functions as an optical correlator, and outputs the signal proportional 
to the phase contrast of a lightwave signal data stream and an optical clock signal. 
This signal is periodically changed, when the modulation frequency of a lightwave 
signal data stream and semiconductor laser 41 shifts slightly. A phase comparator 
46 compares the phase of this signal, and the phase of fixed-frequency VCO 47, 
and the oscillation frequency of VC048 is controlled so that these are always in 
agreement. The oscillation frequency of VC048 can be synchronized with the 
clock signal of a lightwave signal data stream by such PLL composition. 
[0005] 
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[Prcblem(s) to be Solved by the Invention] In the conventional clock regenerative 
apparatus, since the output signal of VC048 is an electrical signal, the frequency 
of the clock signal obtained is restricted by the band of VCO (electrical circuit). By 
composition, it is 100 Gb/s conventionally which is shown in drawing 4 . 
Abbreviation by which dividing was carried out to 1/16 of lightwave signal data 
streams Although the 6.3GHz clock signal is extracted, this is the band limit of an 
electrical circuit. It is because a 100GHz clock signal cannot be taken out. 
[0006] this invention is the RF field where an electrical circuit cannot follow in 
footsteps, and aims at offering the clock regenerative apparatus which can take 
out the optical clock signal which synchronized with the bit period of a lightwave 
signal data stream directly. 
[0007] 

[Means for Solving the Problem] Two sets of the laser light sources which oscillate 
the clock regenerative apparatus of this invention by mutually different single 
frequency, and can carry out adjustable [ of the oscillation frequency of at least 
one set ] with external control It multiplexs and a phase mutually the laser beam 
outputted from two sets of laser light sources A **** spectral separation means 
to output the beat signal which is two [ different 180 degrees ], Two sets of optical 
phase contrast detection meanses to detect the phase contrast of each beat 
signal and a lightwave signal data stream It is the composition which takes out the 
beat signal of the laser beam which is equipped with the control means which 
control the oscillation frequency of an oscillation frequency adjustable laser light 
source based on each phase contrast detecting signal, and is outputted from two 
sets of laser light sources as a clock signal (claim 1). 
[0008] moreover, the difference which changes into an electrical signal the 
difference of the phase contrast detecting signal outputted from two sets of 
optical phase contrast detection meanses — it is the composition that have a 
detection means and control means control the oscillation frequency of an 
oscillation frequency adjustable laser light source by the electrical signal (claim 2) 
Moreover, an optical phase contrast detection means inputs a beat signal and a 
lightwave signal data stream, and is equipped with the semiconductor light amplifier 
which performs the phase comparison using gain saturation characteristics, and 
the light filter which penetrates only the wavelength of a lightwave signal data 
stream from the output of a semiconductor light amplifier (claim 3). 
[0009] Moreover, an optical phase contrast detection means inputs a beat signal 
and a lightwave signal data stream, and is equipped with the optical nonlinear 
medium made to generate 4 light-wave mixture light of another wavelength 
proportional to the on-the-strength product, and the light filter which penetrates 
only 4 light-wave mixture light outputted from an optical nonlinear medium (claim 
4). 

[0010] 

[Function] It multiplexs and, as for the clock regenerative apparatus of this 
invention, a phase mutually the laser beam outputted from two sets of the laser 
light sources from which oscillation frequency differs The beat signal which is two 
[ different 180 degrees ] is generated. The phase comparison of these two beat 
signals and lightwave signal data streams is performed, respectively, and the 
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oscillation frequency of one [ at least ] laser light source is controlled using the 
difference of each phase contrast detecting signal. Thereby, a beat signal can be 
extracted as a clock signal which synchronized with the lightwave signal data 
stream. 

[001 1] An optical phase contrast detection means can perform the phase 
comparison of a beat signal and a lightwave signal data stream using the gain 
saturation characteristics and the light filter of a semiconductor light amplifier 
Moreover, an optical phase contrast detection means can perform the phase 
comparison of a beat signal and a lightwave signal data stream using 4 light-wave 
mixture light which made it generate from a beat signal and a lightwave signal data 
stream by the optical nonlinear medium. 
[001 2] 
[Example] 

(The 1 st example) Drawing 1 shows the composition of the 1 st example of this 
invention, drawing — setting — 11 — oscillation frequency f1 the semiconductor 
laser which carries out adjustable, and 1 2 — oscillation frequency f2 It is the 
semiconductor laser of fixation and continuous oscillation is carried out by the 
single mode, respectively. 13 is an optical coupler and is the phase of two output 
ports. It is constituted so that it may shift 180 degrees. It is the control circuit to 
which the light filter which 14 penetrates a semiconductor light amplifier, and 15 
penetrates only the wavelength of a lightwave signal data stream, and prevents a 
clock signal, and 16 control a balun strike electric eye, and 17 controls the 
oscillation frequency of semiconductor laser 1 1 by the output of the balun strike 
electric eye 1 6. In addition, as long as it oscillates by single frequency, other laser 
light sources are sufficient as semiconductor laser 1 1 and 1 2. 
[001 3] 2 ****s of the laser beams by which outgoing radiation is carried out from 
semiconductor laser 1 1 and 1 2 are carried out by the optical coupler 1 3-1 and 1 3- 

2, respectively, it is multiplexed in the laser beam of one way each with the optical 
coupler 13-3, and it is multiplexed with the optical coupler 13-4, and the laser 
beam of each another side is outputted as a clock signal. In the optical coupler 13- 

3, a phase mutually The beat signal which is two [ different 180 degrees ] is 
generated. The amplitude of each beat signal changes by the sine wave by making 
|l-/(f1-f2) I into a period. Each beat signal is inputted into one [ the optical 
coupler 1 3-5 and ] input port of 1 3-6, respectively, and the lightwave signal data 
stream carried out 2 ****s with the optical coupler 1 3-7 is inputted into the input 
port of another side. However, in order to double the phase of the optical coupler 
13-5 and the lightwave signal data stream inputted into 13-6, the optical coupler 
13-7, the optical coupler 13-5, and the length between 13-6 are adjusted. The 
optical coupler 13-5 and the lightwave signal it was multiplexed [ lightwave signal ] 
by 13-6 are inputted into the semiconductor light amplifier 14-1 and 14-2, 
respectively. 

[0014] The semiconductor light amplifier 14-1 and 14-2 perform the phase 
comparison of each beat signal and a lightwave signal data stream, and output the 
signal proportional to the phase contrast. With the combination of the 
semiconductor light amplifier 14-1, 14-2, and a light filter 15-1 and 15-2, when the 
phase of the beat signal of semiconductor laser 1 1 and 12 and the phase of a 
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lightwave signal data stream are in agreement, the smallest lightwave signal can be 
outputted, and it can be made to function as an optical correlator which detects 
both phase contrast at this time. Each light filter 15-1 and the output light of 15-2 
are inputted into the balun strike electric eye 16, and are changed into the 
electrical signal proportional to the difference of the optical intensity of both 
output light. This operation is explained in detail using a formula. 
[0015] Here, it is the optical intensity of the beat signal outputted from two output 
ports of the optical coupler 13-3 Pel (t) Pc2 (t) It carries out and is Pel (t). =Pc 
(1+sinomegat) Pc2 (t) = it expresses Pc (1-sinomegat). The lightwave signal data 
stream Ps (t) assumes that intensity modulation was received by the sine wave, 
and expresses Ps(t) =Ps[1+sin(omega t+phi (t))]. In addition, phi (t) Phase contrast 
with a beat signal is expressed. When the saturation of the gain of the 
semiconductor light amplifier 14 is taken into consideration, a light filter 15-1, the 
output Psi of 15-2 (t), and Ps2 (t) Psi (t) = GPs [[1+sin (omega t+phi (t))] 1+mPc 
sin (omega t+pi)] Ps2 (t) = it is expressed GPs [1+sin (omega t+phi (t))] and [1- 
mPc sin (omega t+pi)]. Here, the oscillation wavelength of semiconductor laser 11 
and 12 shall differ from the wavelength of a lightwave signal data stream. G is the 
gain of the semiconductor light amplifier 14 at the time of inputting only a 
lightwave signal data stream, and mPc, It is the parameter which indicates it to be 
whether the gain of the semiconductor light amplifier 14 decreases by the power of 
a synthetic wave. +pi of the last of a formula shows the effect of the saturation of 
gain, and it is shown that the gain of a lightwave signal data stream decreases by 
the input of a beat signal. 

[0016] Therefore, the output signal Os of the balun strike electric eye 16 (t) is 
[001 7]. 
[Equation 1] 

Os(t)= — (Psl(t)-Ps2(t)) 

= 2— GPs m(Pc)sin((jt+;r) ( I +sin(<i>t+(^(t))) 
hu 

e 7} 

= 2 — CPs ijn(Pc)sintot+;r) 
h V 

1 1 

H — m(Pc)cosC26}t+zr + 0(t)) in(Pc)cos(0Ct))] 

2 2 

[001 8] It becomes. Here, for e, a charge and eta are [ a Planck's constant and nu 
of quantum efficiency and h ] optical frequencies. Since the balun strike electric 
eye 16 does not have a band to the frequency of light, it is only the component 
proportional to cos (phi (t)) of the last term which is actually detectable. That is, 
while is outputted from the optical coupler 1 3-3, when the phase of a beat signal 
and a lightwave signal data stream synchronizes, the output of the balun strike 
electric eye 16 serves as the minimum, and it becomes the maximum when phase 
contrast is pi. 

[001 9] A control circuit 1 7 controls the oscillation frequency of semiconductor 
laser 1 1 so that the output signal of the balun strike electric eye 1 6 becomes zero. 
Thereby, a high sensitivity control system is realizable. Thus, the phase of a beat 
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signal and a lightwave signal data stream can be compared using the gain 
saturation characteristics of the semiconductor light amplifier 14, and the clock 
signal which synchronized with the lightwave signal data stream from the optical 
coupler 13-4 can be made to output with the composition of this example by 
controlling the oscillation frequency of semiconductor laser 1 1 based on the phase 
contrast detecting signal. 

[0020] (The 2nd example) Drawing 2 shows the composition of the 2nd example of 

this invention. The feature of this example is replaced with the semiconductor light 

amplifier 14 and light filter 15 of the 1st example, and is in the composition which 

performs the phase comparison of a beat signal and a lightwave signal data stream 

using the optical nonlinear medium 24 and a light filter 25. 

[0021] By the optical nonlinear medium 24, a beat signal and a lightwave signal 

data stream are inputted, and 4 light-wave mixture light of another wavelength 

proportional to the product of the intensity is generated. Therefore, when the 

phase of a beat signal and a lightwave signal data stream synchronizes, the 

generating efficiency of 4 light-wave mixture light serves as the maximum. By 

taking out this 4 light-wave mixture light by the light filter 25, the phase 

comparison of a beat signal and a lightwave signal data stream can be performed, a 

light filter 25-1, the output Ps3 of 25-2 (t), and Ps4 (t) Ps3 (t) =APcPs [1+sin 

(omega t+phi (t))] and [1+sin (omegat)] Ps4 (t) =APcPs [1+sin (omega t+phi (t))] 

and [1-sin (omegat)] ** — it is expressed Moreover, the output signal Os of the 

balun strike electric eye 16 (t) is [0022]. 

[Equation 2] 

Os(t)= — (Ps3(t)-Ps4(t)) 
h V 

-2— APcPs sin(a)t) (1 +sinCa)t+0(t))) 
h v 

e V 1 

= 2 — APcPs [siD((iJt)+ — cos(2a)t+0(t)) 
hv 2 

+-!- cos(^(0)) 
2 

[0023] It becomes. It is only the component proportional to cos (phi (t)) of the last 
term which is actually detectable. Although this example becomes the relation of 
an antiphase with the 1st example, a control circuit 17 should just control the 
oscillation frequency of the semiconductor laser 1 1 of semiconductor laser 1 1 like 
the 1 st example so that the output signal of the balun strike electric eye 1 6 
becomes zero. Thereby, the clock signal which synchronized with the lightwave 
signal data stream from the optical coupler 1 3-4 can be made to output. 
[0024] (The 3rd example) Drawing 3 shows the composition of the 3rd example of 
this invention. The feature of this example is replaced with the optical coupler 13- 
1 of the 1st example, 1 3-2, and 13-4, arranges the light filter 31 which makes the 
output port of the optical coupler 1 3-6 penetrate only the wavelength of 
semiconductor laser 1 1 and 12, and is in the composition which extracts a clock 
signal through a light filter 31. The principle of operation which extracts a clock 
signal is the same as that of the 1st example. 
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[0025] In addition, you may arrange a light filter 31 to the output port of the optical 
coupler 13-5. Moreover, the composition of this example is applicable also to the 
' 2nd example. 
[0026] 

[Effect of the Invention] As explained above, in the clock regenerative apparatus of 
this invention, a clock signal can be directly extracted from a high-speed lightwave 
signal data stream. That is, the clock signal which synchronized with the bit period 
of a lightwave signal data stream directly without the electrical signal is 
reproducible. 



[Translation done.] 



http://www4.ipdl.jpo.gojp/cgi-bin/tran_web_cgi_ jje 



03/06/1 1 

J 



0 

* hlOTICES * 

.Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1 ] The block diagram showing the composition of the 1st example of this 
invention. 

[Drawing 2] The block diagram showing the composition of the 2nd example of this 
invention. 

[Drawing 3] The block diagram showing the composition of the 3rd example of this 
invention. 

[Drawing 4] The block diagram showing the example of composition of the 
conventional clock regenerative apparatus. 
[Description of Notations] 
1112 Semiconductor laser 

1 3 Optical Coupler 

14 Semiconductor Light Amplifier 
15, 25, 41 Light filter 

1 6 Balun Strike Electric Eye 

1 7 Control Unit 

24 Optical Nonlinear Medium 
31 Light Filter 

41 Semiconductor Laser 

42 Optical Coupler 

43 Semiconductor Light Amplifier 

44 Photodiode 

45 Optical Fiber 

46 Phase Comparator 

47 Fixed-Frequency VCO 

48 Armature-voltage Control Type Variable Frequency VCO (VCO) 

49 Mixer 



[Translation done.] 



http://wvvw4jpdljpo.gojp/cgi-bin/tran_web_cgi_eije 



03/06/1 1 



